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Abstract: Tomato (Solanum lycopersicum L.) is among the economically most important vegetables in Europe, valued for its bioactive
properties due to significant contents of vitamins, carotenoids, and phenolic compounds. In this study, the tomato cultivar Big Beef
F1 was grown in the open field (OF) and under polytunnels in central Serbia during 3 years. Polytunnels were covered with two foils
(both with 57% reduced photosynthetic active radiation, PAR) differing in UV-A and UV-B transmittance. The aim of our work was
to determine the influence of light conditions on accumulation of phytonutrients (carotenoids and phenolics) in the peel and flesh of
ripe tomato fruits. The amount of effective antioxidants, caffeic acid, and quercetin (phenolics with ortho-dihydroxy substitution) in
the peel was the highest in tomato fruits grown in the OF (maximal PAR and UV-A and UV-B radiation). Moreover, the content of leaf
epidermal flavonoids was the highest in the OF. The content of lycopene and β-carotene in the flesh of tomato fruit was higher under
the polytunnel with higher UV-transmittance. Our results showed that selection of the right light conditions (quality and intensity) for
tomato production has a significant effect on the accumulation of beneficial phenolics and carotenoids.
Key words: Phytonutrients, flavonoids, solar radiation, protected cultivation, Solanum lycopersicum L., UV radiation

1. Introduction
Numerous reports on the beneficial effects of natural
antioxidants for human health have drawn attention to food
sources (fruits and vegetables) and means of improving
their nutritional value. Tomato (Solanum lycopersicum
L.) is a high-value crop and one of the most widely grown
vegetables (Sabir and Singh, 2013). According to the Food
and Agriculture Organization (http://faostat.fao.org), in
the period from 2013 to 2014 tomato production in four
Mediterranean countries (Turkey, Egypt, Italy, and Spain)
ranked second in the world, after China. Moreover, tomato
was among the top three vegetables in EU in terms of the
level of production (17.6 × 106 t in 2015; Eurostat, 2016).
The geographical location of Serbia, with a predominantly
moderate continental (north) and Mediterranean (south,
southeast) climate, has proved to be suitable for tomato
production; in 2012 and 2013 Serbia was in the fourth
place in tomato production (135,000–155,000 t/year) in
Southeast Europe, after Greece, Romania, and Albania
(http://faostat.fao.org).
* Correspondence: marija@imsi.rs
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During the last decade, protected cultivation under
polytunnels increased and became a major production
system for supplying tomato all year round throughout
the world (Peet and Welles, 2005; Boulard et al., 2011;
Sabir and Singh, 2013). However, under glasshouses and
polytunnels photosynthetically active radiation (PAR,
400–700 nm) intensity is attenuated and most of the UV
radiation is excluded (Jansen et al., 2008; Lamnatou and
Chemisana, 2013).
Red tomatoes are a rich source of bioactive compounds,
such as carotenoids and phenolics. The beneficial effects of
carotenoids (lycopene and β-carotene) have been reported
with respect to a wide range of diseases and health
conditions and have been attributed to their antioxidative
and provitamin A activities (Rao and Rao, 2007; Kotíková
et al., 2011). In addition, polyphenolics, a large group
of secondary metabolites in plants, are the subject of
increasing scientific interest due to their importance for
human health (Del Rio et al., 2013; Zhang and Tsao, 2016),
mostly based on their antioxidative functions (Rice-Evans
et al., 1997). In plants, phenolic compounds are involved
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in many processes, from growth and development to
flowering, reproduction, and seed dispersion, and in
protection against abiotic stress and pests (Gould and
Lister, 2005; Lattanzio et al., 2006). For example, depending
on their chemical structure and localization at tissue level
(dermal tissues, mesophyll, etc.), phenylpropanoids and
flavonoids can act either as ultraviolet (UV) and/or visible
light attenuators (screeners), or as efficient antioxidants
(Agati et al., 2013).
Although accumulation of secondary metabolites
and especially flavonoids and terpenoids in fruits may be
determined by internal factors (e.g., genetic variation), it
can be triggered by ecologically relevant doses of UV-A
(320–400 nm) and UV-B (280–320 nm) radiation (Jansen
et al., 2008; Becatti et al., 2009; Schreiner et al., 2014).
The final effect of UV radiation on accumulation of
phytonutrients depends on the biologically effective dose
applied and/or the spectral quality (Giuntini et al., 2005;
Avena-Bustillos et al., 2012), as well as on interactions
with other environmental factors, such as background
PAR intensity (Neugart et al., 2012). Moreover, the
synergistic effect of UV-A, UV-B, red, and blue light on
the accumulation of phenolics and carotenoids in leaves
and fruits has been observed (Ilić et al., 2015; Vidović et
al., 2015). Therefore, manipulation of light quality and
quantity has opened new possibilities in crop production
for increasing the yield, antioxidative, nutritional,
organoleptic, and pharmacological value of vegetables,
e.g., by increasing the content of carotenoids and phenolics
(Luthria et al., 2006; Olle and Viršilé, 2013; Bian et al.,
2015).
The aim of our study was to determine how tomato
production in the open field and under polytunnels
differing in PAR, UV-A, and UV-B transmittance
influences the accumulation of lycopene (Ly), β-carotene
(β-Car), hydroxybenzoic and hydroxycinnamic acids
(HBAs and HCAs), and flavonoids in the flesh and peel
of tomato fruits. We hypothesized that different light
conditions would alter the amounts and distribution of
specific phenolics and carotenoids in red tomato fruits of
the cultivar Big Beef F1.

2. Materials and methods
2.1. Experimental site and design
The field experiments were conducted in Svilajnac
(44°13′28″N, 21°11′30″E), in central Serbia, on an organic
vegetable farm during 2013, 2014, and 2015. Tomato was
grown in three different adjacent cropping systems: an
open field (OF), and two typical 2-year-old polytunnels.
The material, orientation, shape, and dimensions of the
polytunnels were the same: 20 m length, 4.5 m width,
and 2.5 m maximal height, but covered with two different
commonly used polyethylene foils in Serbia: F1 (Tim
d.o.o., Banatski Karlovac, Serbia) and F2 (C605, Suncover
white, Ginegar Ltd., Kibbutz Ginegar, Israel). Both foils
transmitted about 43% of PAR, while UV-A (320–400 nm)
and UV-B (280–320 nm) radiation penetration levels were
different; UV-B was almost completely excluded by F2 (Table
1). No supplementary lighting or heating was provided
under the polytunnels. UV transparency of the covering
materials was measured using a PMA 2100 radiometer
(Solar Light Company Inc., Glenside, PA, USA) equipped
with a UV-A detector (PMA 2110) and UV-B biologically
effective radiation detector (PMA 2101). Intensity of PAR
was measured using a PAR Quantum Sensor CE (SKP 215
42474; Skye Instruments, Llandrindod Wells, UK). During
the 3 years of the experiment we monitored PAR, UV-A,
and UV-B transmission properties under the F1 and F2
polytunnels, and no significant changes were observed for
F1 or F2.
Each cropping system had two plots with the same
size (10 × 4.5 m). The experiment was conducted in a
randomized block design with two replicates. All three
cropping systems had the same cultivation history and soil
properties and were placed on a field that had been under
cultivation for at least 50 years before being converted to
organic production of vegetables in 2010. The growing
substrate in all plots was composed of 70% soil and 30%
compost manure, composed of sheep (60%, w/w), pig
(30%, w/w), and chicken (10%, w/w) manure. The soil
composition (upper layer: 0–30 cm) was CaCO3 (2%–4%),
organic matter content (2.84%), and total N content in
organic matter (0.14%), while both total P and K contents

Table 1. PAR, UV-A, and UV-B irradiance in three cropping systems (F1, F2, and OF) and transmittance rates (%) of two plastic cover
materials (F1 and F2) used in the experiments.
PAR, UV-A, and UV-B irradiance
PAR (µmol m–2 s–1)
UV-A irradiance, (W m )
–2

BE UV-B irradiance, (mW m )BE
–2

OF

F1

1816.0 ± 12.9

782.5 ± 19.3

45.2 ± 1.8
163.9 ± 7.8

Transmittance rate, %
F2

F1

F2

771.5 ± 65.7

43.1 ± 1.1

42.6 ± 3.6

14.5 ± 0.1

3.7 ± 0.3

32.1 ± 0.3

8.1 ± 0.7

38.2 ± 2.2

0.3 ± 0.0

23.3 ± 1.4

0.2 ± 0.0

BE, biologically effective.
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were higher than 40 mg/100 g. The soil pH value in H2O
was 7.95 and in 1 M KCl 6.84.
Irrigation was done daily, by the drip system, during
1 h in the afternoon, equally for all plots. According to
organic cropping management, plants in all plots received
only copper sulfate as pesticide, once prior to flowering
and the second time prior to fruit formation. Weeds were
removed manually when required. The average monthly
weather conditions (precipitation; insolation; minimal,
maximal, and mean temperature; cloudiness; and relative
humidity) from February to July 2013–2015 are presented
in Table A1 in Appendix A.
2.2. Plant material and growth conditions
In this study we used the indeterminate Big Beef F1
tomato cultivar, popular among Serbian farmers. Tomato
seeds (Seminis, Monsanto Holland BV, Enkhuizen, the
Netherlands) were sown in plug trays with a peat/perlite
(3:1, v/v) medium in February. Twenty days later, the
uniform seedlings were separated and planted in plastic
pots for another 30 days. In the first half of April, plants
(about 20 cm high) were replanted with uniform spacing
(100 cm within the row and 50 cm between rows) to all
plots in all three cropping systems within the same day.
Six uniform plants per plot, all equally exposed to light,
were randomly chosen for the experiments. At the end of
June, four to seven healthy, fully light-exposed, red-ripe
fruits (RR stage according to Grierson and Kader, 1986)
of uniform size per plant were carefully collected by hand
at around 1400–1500 hours. Shaded leaves and fruits were
carefully excluded from the analyses. Although the average
fruit weight varied among the experimental years, fruits
from the OF were always about 30% lighter than F1 and
F2, while no significant changes were observed between
them (data not shown). Temperature at the fruit and
leaf surface during sampling was similar in all cropping
systems (average: 31.6 ± 1.0 °C). Fruits were washed and
wiped, and the flesh and peel (exocarp, approximately
2 mm thick) were excised by razor and separated and
samples that originated from the same plant were pooled
together. The samples of peel and previously homogenized
flesh were freeze-dried and stored at –80 °C for carotenoid
and phenolics analysis.
2.3. Epidermal flavonoids and total chlorophyll
measurements
Immediately prior to harvest, total chlorophyll content
(Chl), content of leaf epidermal flavonoids (EpFlav), and
their ratio, the nitrogen balance index (NBI), of the same
plants used for fruit collection were measured in vivo with
the Dualex FLAV (FORCE-A, Orsay, France; see Cerović
et al., 2012 for more details). About ten uniform, fully
developed, and fully daily sun-exposed leaves per plant in
each plot were analyzed.

2.4. Carotenoid determination
Following homogenization in liquid nitrogen, carotenoids
from approximately 0.2 g of dry weight (DW) were extracted
according to a modified method described by Davuluri et
al. (2005). All samples were extracted in duplicates. The
main carotenoids, Ly and β-Car, in pooled extracts (three
reextractions) were separated and quantified by HPLCPDA (LC-20AB Prominence liquid chromatograph,
Shimadzu, Kyoto, Japan) using a reversed-phase C18
column (5.0 µm, 250 × 4.6 mm Luna C18 (2); Phenomenex
Ltd., Torrance, CA, USA) and isocratic elution gradient
composed of 90% methanol and 10% acetonitrile at 25 °C,
according to Olives Barba et al. (2006). Ly and β-Car were
identified using standards (Sigma Chemical Co., St Louis,
MO, USA) and quantified by peak area using Shimadzu
LC Solution software (Shimadzu, Kyoto, Japan).
2.5. Phenolics determination
Phenolic compounds were extracted in methanol
containing 0.1% HCl and hydrolyzed in 2 M HCl
for aglycone determination according to Vidović et
al. (2015). All samples were extracted in duplicates.
Phenolic compounds were identified and quantified from
pooled extracts (three reextractions) using the same
HPLC apparatus as for determination of carotenoids.
For quantification of flavonoids (chalconaringenin and
kaempferol), quercetin was used as standard.
2.6. Statistical analysis
Two-way ANOVA was used to reveal the effects of light
conditions (cropping system, CS) and year (Y) and their
interactions on the carotenoid and phenolics contents
in the peel and flesh of tomato fruits and on the EpFlav,
Chl, and NBI. Tukey’s post hoc test was used to test for
significant differences in the outlined parameters among
cropping systems for both tissue types. Both tests were
conducted with IBM SPSS statistics software (Version
20.0, IBM Corp., Armonk, NY, USA). The significance
threshold value was set at 0.05.
3. Results and discussion
3.1. Chlorophyll and epidermal flavonoid content in the
leaves
In order to monitor the fitness of tomato plants, we
measured total Chl and EpFlav contents and their ratio,
NBI, which is an indicator of C/N allocation changes due
to stimulation of flavonoid metabolism under different
ambient light conditions (Tremblay et al., 2012). Leaf Chl
content was higher in the plants grown in the OF compared
with F1 and F2 in 2013 and 2015, while the opposite was
observed in 2014 (Table 2; significant effects of CS and Y
and their interactions are given in Table B1 in Appendix
B).
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Table 2. Total chlorophyll (Chl) content, epidermal flavonoid (EpFlav) content, and NBI index in the leaves of tomato grown in OF
and under two polytunnels (F1 and F2) during 2013, 2014, and 2015.
Year and cropping system

Chl, mg cm–2

EpFlav, g cm–2

NBI

OF

36.3 ± 0.4 b

0.93 ± 0.02 c

39.2 ± 1.0 a

F1

29.4 ± 0.3 a

0.68 ± 0.02 b

45.4 ± 1.3 b

F2

28.7 ± 0.3 a

0.54 ± 0.01 a

53.8 ± 1.8 c

OF

22.4 ± 0.8 a

0.72 ± 0.02 c

34.9 ± 1.3 a

F1

36.2 ± 0.9 c

0.50 ± 0.01 b

74.8 ± 2.8 b

F2

32.0 ± 0.7 b

0.41 ± 0.01 a

75.0 ± 2.9 b

OF

31.1 ± 1.1 b

0.87 ± 0.05 c

40.8 ± 2.9 a

F1

24.1 ± 0.5 a

0.53 ± 0.03 b

49.5 ± 2.7 a

F2

23.6 ± 0.8 a

0.26 ± 0.01 a

95.9 ± 6.1 b

2013

2014

2015

Values represent mean ± SE (n = 21–30); different letters denote statistically significant differences between different cropping systems
for each year (P < 0.05).

In all 3 years, the highest accumulation of EpFlav was
in the leaves of OF grown plants, compared to polytunnels
with reduced PAR and UV radiation (Table 2). Moreover,
the content of EpFlav was higher in the leaves of plants
from F1 compared to those grown in F2, which received
four times lower UV-A and almost no UV-B radiation.
This is in line with numerous reports on induction of
phenylpropanoids and flavonoids in the leaf epidermis
by UV radiation (Schreiner et al., 2014; Vidović et al.,
2017). Stimulated accumulation of flavonoids in the leaves
can contribute to increased tolerance to strong sunlight
and resistance to pathogens (Lattanzio et al., 2006; Agati
et al., 2013). Moreover, lower NBI in the leaves of plants
grown in the OF, compared with F1 and F2, corresponded
to intraleaf allocation of resources towards flavonoid
metabolism (Meyer et al., 2006).
3.2. Carotenoid accumulation in tomato fruits
Distribution of Ly in the tomato fruit was not uniform: its
content was several times higher in the dried peel compared
with the dried flesh, irrespective of radiation regimes
(Figure 1). This is in line with results reported by Toor
and Savage (2005) for three tomato cultivars. Lycopene
was the major carotenoid in tomato and contributed about
80%–95% to total carotenoids in the peel and 70%–85% in
the flesh, similarly to previously reported results (Dorais
et al., 2008; Kotíková et al., 2011). Only in 2014 was β-Car
lower in the peel compared to the flesh, and the portion of
Ly in the flesh was about 62%, which can be attributed to

extremely high precipitation and lower insolation in this
year.
The content of Ly in the peel of tomato fruits showed
more variation between the years than among the CSs
(for significant effects see Table B2, Appendix B). On
the other hand, higher accumulation of β-Car in the
peel was observed in the fruits grown under polytunnels
compared to the OF. In 2013 and 2015 (sunnier years than
2014) Ly and β-Car contents in the flesh were higher in
fruits from the F1 polytunnel than F2, which transmitted
4 times lower UV-A and almost completely excluded
UV-B radiation. It was shown that the effects of UV
radiation on Ly and β-Car accumulation (stimulative or
inhibiting) depend on intensity, duration, and quality of
light (Giuntini et al., 2005; Dorais et al., 2008; Bian et al.,
2015; Ilić et al., 2015). For example, Guintini et al. (2005)
reported a positive effect of UV-B radiation on total Ly
content in one tomato hybrid, while there was no effect
in the other. Furthermore, Kläring and Krumbein (2013)
reported a positive correlation of β-Car content and PAR
in the whole tomato fruit, without affecting Ly content. On
the contrary, in cherry tomato cultivar Alina, Ly content in
the fruit was higher in the screenhouse, which had 30%–
55% reduced PAR compared to OF, while β-Car content
was unaffected (Leyva et al., 2014).
3.3. Phenolic compounds in tomato fruits
The main HBAs in tomato fruits were protocatechuic
acid (PA), syringic acid (SA), and an unidentified HBA
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Figure 1. Content of lycopene (Ly) and β-carotene (β-Car) in the peel (left) and flesh (right) of tomato fruits grown in the OF and under
two polytunnels (F1 and F2) during 2013, 2014, and 2015. Values represent mean ± SE (n = 4–5); different letters denote statistically
significant differences between different CSs for each year for peel and flesh (P < 0.05).

derivative (spectral characteristics: peak at 264 nm,
shoulder at 290 nm). The contents of the three HBAs in
tomato peel and flesh were not affected by different CSs in
2013 and 2014 (Figure 2; significant Y and CS effects are
given in Table B2 in Appendix B). However, in 2015 the
peel content of PA and the unknown HBA derivative was
higher in the OF than in the fruits grown in F1 and F2.
Derivatives of caffeic acid (CA), p-coumaric acid (pCA), and ferulic acid (FA) were the most abundant HCAs
in the fruits. Similar HCA composition was reported for
other tomato cultivars (Luthria et al., 2006; Anton et al.,
2014). In tomato peel the decrease in CA and FA content
was in correlation with PAR reduction for all 3 years,
since no significant changes were observed between F1
and F2 (Figure 3; for significant CS effects see Table B2 in

Appendix B). No consistent trend in CA, p-CA, and FA
content in the flesh of tomatoes regarding light conditions
was found between the years. These results may suggest
that preferential accumulation of CA and FA in the peel is
a part of acclimation response to direct exposure to solar
radiation, while in the flesh other factors may influence
the composition of HCAs. Similarly to our results for
2013 and 2014, Calvenzani et al. (2015) reported that total
concentration of HCAs in fully ripe tomato fruits was
higher under ambient UV-B than in UV-B shielded fruits.
The main flavonoid aglycones in the Big Beef F1 cultivar
were quercetin (Q), kaempferol (K), and chalconaringenin
(ChN), which was consistent with the flavonoid
composition of other tomato cultivars (Slimestad et al.,
2008; Anton et al., 2014). Independently of the year and

Figure 2. Contents of protocatechuic acid, syringic acid, and unidentified hydroxybenzoic acid derivative (PA, SA, and HBA) in the peel
(left) and flesh (right) of tomato fruits grown in the OF and under two polytunnels (F1 and F2) during 2013, 2014, and 2015. Values
represent mean ± SE (n = 4–5); different letters denote statistically significant differences between different CSs for each year for peel
and flesh (P < 0.05).
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Figure 3. Contents of caffeic, p-coumaric, and ferulic acids (CA, p-CA, and FA) and quercetin, kaempferol, and chalconaringenin (Q,
K, and ChN) in the peel (left) and flesh (right) of tomato fruits grown in the OF and under two polytunnels (F1 and F2) during 2013,
2014, and 2015. Values represent mean ± SE (n = 4–5); different letters denote statistically significant differences between different CSs
for each year for peel and flesh (P < 0.05).

CS, both Q and K contents were higher in the peel than in
the flesh, while the content of their biosynthetic precursor,
ChN, was almost two times higher in the flesh in all 3 years
(Figure 3). Moreover, in all 3 years, the content of Q was
the highest in the peel of fruits grown in the OF and lowest
in F2, implicating the role of PAR and UV-B radiation in
stimulation of Q biosynthesis. This is in line with higher
content of Q and its glycosides in the peel compared to the
flesh of tomato grown under full solar radiation (Giuntini
et al., 2008).
The HCAs and flavonoids with ortho-dihydroxyl
substitution on the B-ring (e.g., Q, CA) are more efficient
antioxidants than those with one hydroxyl group (K, p-CA)
(Rice-Evans et al., 1997). During all 3 years, peel content of
Q and CA was the highest in the fruits from the OF, while
K and p-CA differentially varied with changes in PAR and

UV radiation (significant CS effects are given in Table B2
in Appendix B). These results indicate enhancement of
antioxidative capacity of the fruits. Increased HCA and
flavonol accumulation (mostly Q glycosides) by full sun
exposure was observed not only in tomato (Giuntini et
al., 2008; Leyva et al., 2014), but also in the skins of other
fruits, such as apples (Merzlyak et al., 2002) and grape
berries (Martinez-Lüscher et al., 2014).
Cultivar-specific and annual variability in polyphenolic
content (HCAs, flavonoids) in tomato fruits grown both
in open fields and under polytunnels and greenhouses
was reported (Chassy et al., 2006; Anton et al., 2014).
The interaction of temperature and light quality, quantity,
and duration is the most important factor affecting the
nutritional value (phenolic and carotenoid content) of
tomato (Dumas et al. 2003; Dorais et al., 2008).
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3.4. Conclusions
According to our results, stimulation of beneficial
phytonutrients in tomato fruits is determined not only by
the intensity of solar radiation components, but by other
variable weather conditions as well. In all 3 years of the
study, PAR and UV radiation (both UV-A and UV-B) had
a synergistic effect on the accumulation of dihydroxylated
polyphenols such as CA and Q in the tomato peel.
Furthermore, significant accumulation of EpFlav in the
leaves of plants from the OF and in F1 (compared to F2)
enhanced the overall plant resilience to environmental
conditions during the ripening period. Finally, when
comparing the two polytunnels, we showed that tomato

fruits grown under the foil with higher UV transmittance
(F1) had higher contents of p-CA and Q in the peel and
Ly and β-Car in the flesh. Therefore, by choosing covering
materials with higher UV-transmittance in tomato
production, the antioxidative capacity of fruits can be
improved without influencing fruit weight.
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Appendix A.
Average monthly weather conditions during the experiments in 2013, 2014, and 2015.
Table A1. Average monthly weather conditions during the experiments in 2013, 2014 and 2015.
Insolation,
h

Precipitation,
mm

Minimal
temperature, °C

Maximal
temperature, °C

Average daily
temperature, °C

Relative
humidity, %

Cloudiness

Feb

38.5

87.4

1.4

7.4

3.8

82

8.1

Mar

117.3

38.1

2.7

11.3

5.7

73

6.6

Apr

206.9

64.3

7.2

20.8

12.7

69

4.5

May

226.5

78.0

10.0

25.1

18.1

68

5.6

Jun

227.0

20.8

13.4

26.2

19.8

75

5.0

Jul

311.0

25.3

15.9

30.3

21.7

66

3.1

Feb

111.9

15.9

0.6

8.1

6.1

73

5.4

Mar

181.9

111.3

1.0

12.0

8.8

75

5.2

Apr

141.5

185.2

5.2

18.7

12.1

78

6.7

May

212.1

85.4

11.3

24.4

15.6

78

6.2

Jun

240.5

124.6

13.8

26.7

19.4

76

5.0

Jul

243.6

56.0

13.2

32.7

21.6

76

5.0

Feb

110.1

41.1

-1.3

12.6

2.6

78

5.4

Mar

119.9

46.3

2.0

16.0

6.5

76

6.6

Apr

224.1

115.1

4.0

18.2

11.2

65

5.1

May

213.3

80.3

11.4

22.2

17.6

73

5.1

Jun

244.0

21.5

13.2

26.4

19.7

73

4.7

Jul

333.1

26.7

15.7

28.8

24.4

60

2.3

2013

2014

2015
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Appendix B
Statistical analysis (two-way ANOVA) for the effects of cropping system (CS) and year (Y), and their interactions on NBI,
and on the contents of Chl, EpFlav, carotenoids, and phenolics in the leaves of tomato grown in the open field (OF) and
under two polytunnels (F1 and F2) during 2013, 2014, and 2015 are shown in Tables B1 and B2.
Table B1. Two-way ANOVA results for the effects of CS and Y and their interactions on the contents of Chl and EpFlav, and NBI, in the
leaves of tomato plants.
Trait

CS

Y

CS × Y

Chl

<0.001

<0.001

<0.001

EpFlav

<0.001

<0.001

<0.001

NBI

<0.001

<0.001

<0.001

Table B2. Two-way ANOVA results for the effects of CS and Y and their interactions on the contents of phenolics compounds in the
peel and flesh of tomato fruits.

Trait

Peel
Y

CS × Y

CS

Y

CS × Y

0.3085

<0.0010

<0.001

<0.0010

<0.0010

<0.0010

<0.0010

<0.0010

0.0928

<0.0010

<0.0010

<0.0010

PA

0.2295

0.0033

0.0265

0.0015

<0.0010

<0.0010

SA

0.6383

0.0063

0.1131

0.3470

<0.0010

0.7814

HBA

0.1414

<0.0010

0.0031

<0.0010

0.0311

<0.0010

CA

<0.0010

<0.0010

0.0167

0.0046

0.0106

0.0303

p-CA

<0.0010

<0.0010

<0.001

0.0051

0.0242

<0.0010

FA

<0.0010

<0.0010

0.0033

0.1045

<0.0010

<0.0010

Q

<0.0010

<0.0010

<0.001

<0.0010

<0.0010

<0.0010

K

0.7946

<0.0010

<0.001

0.0259

<0.0010

<0.0010

ChN

0.0013

0.1069

<0.001

0.4057

<0.0010

0.2835

Ly
β-Car

CS

Flesh

Ly, Lycopene; β-Car, β-carotene; PA, protocatechuic acid; SA, syringic acid; HBA, hydroxybenzoic acid; CA, caffeic acid; p-CA,
p-coumaric acid; FA, ferulic acid; Q, quercetin; K, kaempferol; ChN, chalconaringenin.
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